This cohort study examines trends in pneumonia mortality in Finland and the effects of a WHO recommendation restricting the registering of pneumonia as the underlying cause of death (COD) for several chronic diseases. All cases having pneumonia in any COD fields in 2000-2008 were extracted from the COD statistics. We examined trends in underlying-cause pneumonia mortality where pneumonia was also the immediate COD. Results are presented as age-specific and age-standardized rates. In the study period 2000-2008, there were 90 626 deaths with pneumonia in COD fields, while the underlying-cause pneumonia mortality rate decreased from 32 to 6/100 000 person-years. Immediate-cause pneumonia was less often chosen as underlying-cause towards 2008 suggesting an effect from changing coding practices. Changes in coding practices need to be considered when comparing different countries or time periods in pneumonia mortality.
INTRODUCTION
Pneumonia is an important public health problem in all Western countries. Community-acquired pneumonia is the most common infectious cause of death (COD) in the USA [1] . Pneumonia hospitalizations have increased in both the USA and England [2, 3] . Demographic changes and an increase in comorbid illnesses have had an effect. In Finland about 1 % of the adult population are annually diagnosed with pneumonia, with about 10 % of pneumonia sufferers dying [4] . Internationally, the figures vary between 5 % and 15 % depending on patient group [4] [5] [6] [7] [8] .
A WHO recommendation was introduced in the mid-2000s restricting the use of pneumonia as the underlying COD in connection with several chronic diseases. In these cases the chronic disease in question should be selected as the underlying cause [9] . It was implemented in Finland in [2005] [2006] . In EU countries pneumonia mortality varied up to tenfold in the early 2000s [10] : pneumonia mortality varied from about 6/100 000 in Greece to almost 60/100 000 in Ireland in 2000. We found no comparative studies on pneumonia incidence, but classification differences for pneumonia probably play a role. Furthermore, pneumonia mortality has decreased since 2000 in most EU countries, especially in Finland, Estonia and Ireland, suggesting differences in the recording of COD.
This study examines trends in pneumonia mortality in Finland and the effects of implementing the WHO recommendation on pneumonia mortality during the period 2000-2008. We examined both pneumonia as the underlying COD and the immediate cause, with analyses of the trends in underlying-cause mortality where pneumonia was the immediate COD.
METHODS
Data were compiled from the COD statistics. All cases having pneumonia in any of the COD fields (ICD-10 classes J12-J18) during 2000-2008 were extracted. COD statistics include underlying COD (provided by the doctor issuing the death certificate, with EU and WHO recommendations applied), immediate COD, contributory causes and intermediate COD (leading from underlying to immediate COD). All these fields are completed by the doctor issuing the death certificate.
The COD statistics also included individual-level information on sex, age at death, and region of residence (Appendix). We used hospital districts for region of residence. The Finnish legislation divides the country into 20 hospital districts (excluding Å land islands) which are responsible for providing municipal secondary-care services [11] .
We examined annual trends in pneumonia as the underlying cause where the immediate COD was pneumonia in different age groups for men and women separately and calculated age-standardized rates. The European standard population was used when calculating age-standardized rates. We analysed regional variation in pneumonia deaths as the underlying cause among immediate-cause pneumonia deaths at the hospital district level with a multilevel logistic regression model adjusting for sex, age group and time period. The Wald test was used to assess the significance of regional variation at the hospital district level. We also examined developments in underlying COD in the largest ICD-10 principal groups, where the immediate cause was coded as pneumonia. The study protocol was approved by the Research Ethics Committee of the National Centre for Health and Welfare.
RESULTS
During 2000-2008, deaths with pneumonia in any of the COD fields numbered 90 626, while the agestandardized annual mortality rate decreased from 32 to 6/100 000 person-years. Table 1 presents the rates of pneumonia in different fields of COD statistics per 100 000 for the study period. Since few changes were found in the annual numbers for contributory causes after 2003 and intermediate COD for the whole period, we focused on underlying and immediate COD. A trend of decreasing rates of pneumonia as the immediate COD was found from 2000 to 2004, but after 2005 the figures remained unchanged. However, an especially large decrease was found when examining the underlying COD. The decrease was largest before 2005-2006, but continued throughout the study period. The decline was almost 80% during the whole study period. For immediate COD, the decline was more modest, at around 25%. Figure 1 presents trends in age-specific rates for underlying-cause pneumonia mortality when the immediate COD was pneumonia from 2000 to 2008 for men and women separately. For men, the proportion diminished in all age groups but the decline was especially large in those aged o85 years. Results were similar for women, but less marked. Figure 2 presents the variation in underlying-cause pneumonia mortality when the immediate COD was pneumonia by hospital district in 2000-2008, each dot in each year represents a hospital district. The variation at hospital district level was also statistically significant after controlling for population structure (P=0 . 002). Large variation was detected in 2000 in underlying-cause pneumonia mortality when the immediate COD was pneumonia. While the overall proportion decreased, differences between hospital districts also decreased. We additionally examined a development in underlying COD in the largest ICD-10 principal groups where the immediate cause was coded as pneumonia. Our results suggest that changes in coding practices in pneumonia also affect numbers of other COD. Especially principal group G, mainly Alzheimer's disease (G30) and other degenerative diseases of the nervous system (G31) were selected more often as the underlying COD towards the end of the study period. Simultaneously, dementia (F01, F03) was less often coded as the underlying cause. Principal group for cardiovascular disease underwent the following changes : later in the study period, chronic ischaemic heart disease (I25) was more often chosen as the underlying COD while myocardial infarction (I21) and stroke (I63) were less likely to be selected.
DISCUSSION
We found a large decrease in pneumonia mortality especially in older age groups from 2000 to 2008, when a new WHO recommendation in regard to several chronic diseases restricted the use of pneumonia as the underlying COD. We further found increasing numbers of some chronic conditions as underlying cause when the immediate COD was pneumonia. Similar results were reported for elderly US patients : case fatality for pneumonia decreased by 30 % in the population aged o65 years between 1987 and 2005, although its incidence rate had increased up to 1999 [12] . A possible explanation suggested by the US authors is an increase in the use of pneumococcus and influenza vaccine and the wider use of guidelinebased antibiotics. Decrease of immediate-cause pneumonia mortality in Finland suggests that the improved efficiency of pneumonia care may explain some of our findings. However, vaccines are not a likely explanation. In Finland coverage of pneumococcal polysaccharide vaccines has traditionally been low and conjugate vaccines were included in the vaccination programmes only in 2010 [13] .
The decline in pneumonia mortality is consistent with the decline in all-cause mortality in Finland in the 1990s and 2000s [14] . Nevertheless, much of the apparent decline in pneumonia mortality appears connected to changes in pneumonia coding practices. The underlying-cause pneumonia mortality in [2007] [2008] was about 20% that of the early 2000s, whereas immediate-cause pneumonia mortality declined by one quarter during the study period. Large but declining differences were found regionally in underlyingcause pneumonia mortality when the immediate cause was pneumonia. Differences appear to be independent of regional differences in the population structure. Changes in coding practices also appear to affect mortality to Alzheimer's disease and other degenerative neurological diseases, and also chronic ischaemic heart disease, which were more often chosen as the underlying COD later in the study period. Similar results concerning changes in classification rules for underlying COD have been reported earlier from England for the period 1984-1993 [15] . A 1984 rule specified that certain diseases which could be considered a mode of dying rather than the COD should not be coded as the underlying COD. Goldacre and colleagues [15] reported a large decrease in underlying-cause mortality due to pneumonia, heart failure and thromboembolism after the implementation of this rule. In line with these results, our findings suggest that examining underlying cause alone will be misleading for time trends or international comparisons.
The rule changes in coding practices need to be considered when comparing different countries or time periods in pneumonia mortality, as well as in other chronic diseases, since some are now used instead as the underlying COD. Our results also indicate that similar to earlier studies concerning the burden of specific disease, the use of underlying cause only will underestimate the burden of disease [15] [16] [17] . Both underlying and immediate cause need to be considered, and in some diseases, also contributory COD are needed to evaluate the mortality burden of a specific disease. 
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